In situ functional cell phenotyping reveals microdomain networks in colorectal cancer recurrence
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Abstract

Tumors are dynamic ecosystems comprising localized niches,

microdomains, possessing distinct compositions and spatial configurations of
cancer and non-cancer cell populations. Microdomains determine the extent
of intratumor heterogeneity, critical to disease progression and response to
therapy [1]. Microdomain-specific network signaling supports the existence of
a continuum of phenotypic states and the consequent emergence of functional
plasticity in responding to perturbations [2, 3].

Problem: Predefined cell types with binary cell states fail to capture this
intrinsic functional plasticity.

Solution: We present an unsupervised machine learning algorithm [4] to
build a hierarchy of functional phenotypes on a continuum and combine it
with our previously proposed analytical frameworks, pointwise mutual
information [5] and spatial network biology [6], to discover outcome-
associated microdomains.

Results: This integrated approach applied to an immunofluorescence-
based (51 biomarkers) image dataset of colorectal carcinoma primary
tumors (N=213) from [7] discovers recurrence-associated microdomains
visualized as distinct spatial configurations of heterogeneous phenotypic
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Discussion

* Our unsupervised and spatially informed approach enables tumor
architecture to drive the discovery of a continuum of known and new
cell types and states.

» This approach applied to CRC primary tumor tissue samples
identified 13 unbiased FP’s with heterogenous properties.

» With spatial analysis, we automatically discovered two recurrence-
associated microdomains [5].

* Microdomain-specific partial correlation analysis of biomarker pairs
shows a strikingly significant difference between the two patient
cohorts.

* We find that within the evolving tumor microenvironment, the
molecular signaling networks within each microdomain undergo a
regulatory switch to confer a recurrence phenotype supported by

clusters. cancer stem cell maintenance and immunosuppression
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